To date, only a few bacteria have been described which are able to utilize carbon monoxide aerobically as a sole source of carbon and energy: Hydrogenomonas carboxydovorans (10, 1 l), Pseudomonas carboxydovorans (la), Seliberia carboxydohydrogena (20, 21, 28), Pseudomonas carboxydoflava (27, 28), Pseudomonas gazotropha (27,28), Comamonas compransoris (27, 28), and Achromobacter carboxydus (27, 28).
All carbon monoxide-utilizing bacteria known so far can grow as hydrogen bacteria as well, and they are either nonmotile or motile by means of a polarly or subpolarly inserted flagellum (18, 28) . With the exception of S. carboxydohydrogena, the bacteria of this physiologic group were reported to be pseudomonads or pseudomonadlike organisms (18,28). Electron microscope observations of cells of S. carboxydohydrogena never showed budding processes, and clearly spiral cells were rarely encountered. This finding and the strictly respiratory metabolism of S. carboxydohydrogena prompted us to investigate the taxonomic position of this organism in detail.
MATERIALS AND METHODS
Bacterial strain. A culture of the type strain of Seliberia carboxydohydrogena ( Carboxydobacterium strains 2-1062 = DSM 1083) was obtained from the Deutsche Sammlung von Mikroorganismen (DSM) immediately after it had been received from G. A. Zavanin (Institute of Microbiology of the Academy of Sciences, Moscow, USSR). Carboxydobacteriurn strain 2-1062 was originally designated as the type strain of Seliberia carboxydohydrogena by Sanjieva and Zavarzin (20) . Agrobacterium tumefaciens strain 3/3-3 was kindly provided by K. Rudolph Culture vessels and growth conditions. S. carboxydohydrogena was cultivated in a fermentor (10 liters; Braun-Biostat, Melsungen, FRG) and stirred at 500 rpm at 30°C. The gas mixtures for submerged cultures (40% CO + 5 to 10% 0' + 55 to 50% N2 for autotrophic growth or air for heterotrophic growth) were prepared by using gas pumps (Wosthoff, Bochum, FRG). Carbon monoxide (99.997%, vol/vol), nitrogen (99.99%, vol/vol), hydrogen (99.9%, vol/vol), and oxygen (99.995%, vol/vol) were obtained from Messer-Griesheim GmbH, Dusseldorf, FRG. For heterotrophic growth, the mineral medium was supplemented with 0.5% of the carbon source.
Electron microscopy. Negative staining was performed with cell samples (immediately adsorbed to carbon films) in each phase of the growth experiment, with 2% uranylactate as the negative stain (26) . A Phillips EM 301 electron microscope was used for observations. For each sample, 300 to 600 cells were counted.
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Phytopathogenicity. Cell material of colonies of Seliberia carboxydohydrogena DSM 1083 and of Agrobacterium tumefaciens 3/3-3 (both heterotrophically grown on agar plates with 0.5% nutrient broth) was inoculated into the freshly wounded upper stem of 2-week-old tomato plants (Lycopersicon esculentum). Tumor formation was recorded after 14 to 21 days.
3-Ketoglycoside production. The production of 3-ketolactose from lactose was determined by the auxanographic method of Bernaerts and De Ley (3). Cultures of the bacteria investigated were grown in petri dishes at 30°C on the basal medium supplemented with 1% lactose, 0.1% yeast extract, and 1.4% agar (Difco Laboratories, Detroit, Mich.). After 3 days of growth, the plates were flooded with a shallow layer of Fehling reagent at room temperature (Fehling I: 7 g of CuSOl -5H20) per 100 ml of distilled water; Fehling 11: 34 g of KNa-tartrate and 10 g of NaOH per 100 ml of distilled water; solutions of Fehling I and Fehling I1 were mixed at a 1:l ratio before use). If 3-ketolactose was produced by the bacteria tested, a yellow ring of CusO became visible around the colonies.
Nutritional properties. Substrate utilization tests
were performed on solid media (1.4% agar; Difco) in the presence of 0.2% of the carbon source. Growth was recorded visually after 5,8, and 12 days. In those cases where the growth on plates was ambiguous, growth experiments were conducted in liquid culture.
Methods for determining biochemical features.
The hydrolysis of starch, urea, exogenous poly-P-hydroxybutyric acid, agar, and Tween 80, the Gram reaction, and the presence of oxidase and catalase were determined by the procedures described by Cowan (4) . The relationship of growing cells to oxygen and anaerobic growth in stab cultures (basal medium, with 1.4% agar) supplemented with nutrient broth (0.1%)-yeast extract (0.1%) and glucose (0.1%) or fructose (0.1%) were also tested.
RESULTS
Cells of Seliberia carboxydohydrogena DSM 1083 were found to be gram-negative, colorless, motile, and catalase and oxidase positive. Starch, urea, exogenous poly-P-hydroxybutyric acid, agar, and Tween 80 were not hydrolyzed. The bacterium was avirulent for Lycoperszcon escuZentum and was 3-ketolactose-negative whereas the 'control organism, Agrobacterium tumefaciens 3/3-3, showed tumor formation as well as 3-ketolactose production, Neither meta-hydroxybenzoate nor pantothenate was used as a sole source of carbon. In stab cultures supplemented with nutrient broth-yeast extract, glucose, or fructose, growth of S. carboxydohydrogena DSM 1083 occurred exclusively on the agar surface, indicating that growth was strictly dependent on the presence of oxygen.
The substrate utilization spectrum of S. carboxydohydrogena DSM 1083 was restricted. Only acetate, pyruvate, lactate, citrate, hmarate, malate, and aspartate were used as sole sources of carbon and energy for heterotrophic growth. With the exception of fructose, sucrose, and aspartate, carbohydrates and amino acids, as well as m-hydroxybenzoate and pantothenate, were not utilized. The cells were able to grow autotrophically in a mineral medium under an atmosphere of 40% CO, 10% 0 2 , and 50% NZ at a doubling time (td) of 20 h (30°C) as well as under an atmosphere of 80% HB, 10% 0 2 , and 10% COZ (td = 7 h). The enzyme system for carbon' monoxide utilization was soluble and was formed only during growth with CO; hydrogenase was membrane bound and was present in cells grown with CO or with H2 + Con.
When Seliberia carboxydohydrogena DSM 1083 was grown in liquid batch culture with carbon monoxide as a sole carbon and energy source, changes in flagellation, number of aggregates, and number of aggregated cells were observed ( Fig. 1, 2, and 3) . During transition from the lag to the log phase, almost all cells (about 90%) were found to be present as aggregates. The ratio of the aggregates to the total number of cells was small, indicating that the transition phase was characterized by large clusters of stellate aggregations consisting of up to 30 cells ( (Fig. 2B), and only a few cells were observed with laterally inserted flagella (Fig. 2C) . Up to 37% of all of the cells counted were monotrichous (Fig. 1) ; only 2 of about 10,OOO cells counted have been observed to contain two subpolar flagella. The exponential growth phase itself was characterized by a high number of flagellated cells (between 20 and 37% of the total cell count), by a decrease in the number of aggregated cells (from 90 to la%), and by a large number of small aggregates consisting of only two or three cells (Fig. 2D and 3A) . During the transition from the exponential to the stationary growth phase (Fig.  l) , motility of the cells decreased and aggregation started again. As indicated by the increasing number of aggregated cells and stellate aggregations, the clusters were rather small ( Fig. 2D  and 3A) . In the stationary growth phase, the number of flagellated cells was almost zero; the number of aggregated cells decreased again (from 49 to 25%), and the number of stellate aggregates remained approximately constant (Fig. 1) .
The number of cells with a screw-sculptured surface never exceeded 3.5% of the total cell number (Fig. 3D) ; the surface of most cells was smooth ( Fig. 2B and C and 3A , B, and C).
During heterotrophic growth with L-malate, no screw-sculptured cells were found, and maximally 10% of the cells were aggregated. On the other hand, 85% of the cells were found to be monotrichous (Fig. 2B) . Neither CO autotrophically grown nor heterotrophically (L-malate) grown cells showed budding in any growth phase. The cells always multiplied by normal binary transverse fission; this was also found to be the case for cells grown on solid media with nutrient broth or pyruvate as substrate.
DISCUSSION
As noted elsewhere (18, 28), the majority of aerobic CO-utilizing bacteria studied so far are either nonmotile Or motile by means of a polarly or subpolarly inserted flagellum. They are gram negative, their metabolism is strictly aerobic, and they can grow under conditions suitable for hydrogen bacteria.
As described in the current edition of Bergey's Manual (2), the genus Seliberia comprises rodshaped, spirally twisted cells (ranging from 0.5-0.7 by 1-12 pn), which form star-shaped figures or rosettes. The cells multiply by transverse fission and by budding. When grown on soil media, round to ovoid "generative" cells are formed. Resting stages are not known. The Gram reaction and the guanosine plus cytosine (G+C) content were not reported. The metabolism is chemoorganotrophic, and organic growth factors are not required. The cells are facultatively anaerobic (2).
In contrast to the description of Seliberia in Bergey's Manual (2), it was reported previously (21, 28) that the metabolism of Seliberia carboxydohydrogena is strictly aerobic and oxidative and that carbohydrates are not fermented. This was confirmed by our observations. Furthermore, budding has never been observed in this organism, and cells with a screw-scu1pti:red surface were rarely encountered during CO-autotrophic growth and were never found during heterotrophic growth with L-malate, pyruvate, or nutrient broth. With respect to the properties discussed, strain DSM 1083 must be excluded from the genus Seliberia.
According to Bergey's Manual (l), the genus Agro bacterium comprises rod-shaped cells (0.8 by 1.5 to 0.8 by 3.0 pm) which are motile by means of one to four nonpolar flagella; if only one flagellum is present, lateral attachment is more common than polar. The cells are gram negative and nonsporeforming, and fmbriae are common. Growth on carbohydrate-containing media is usually accompanied by copious extracellular polysaccharide slime. Colonies are not pigmented. The metabolism is respiratory, and molecular oxygen is the terminal electron acceptor. 3-Ketolactose is commonly produced. Members of this genus initiate stem hypertrophies on diverse plants wherein the bacteria occur as intercellular parasites. Bacteria enter host tissue through preexisting lesions or abrasions; the ability to invade host plant tissue directly is lacking. Tissue puncture inoculation tests are essential to c o n f i i strain identification based on routine biochemical tests. The G+C content of the deoxyribonucleic acid ranges from 59.6 to 62.8 moI%.
According to the improved taxonomy of the genus Agrobacterzum given by De Ley et al. (6), all strains of this genus proper are peritrichous (five to six flagella). Frequently, 2 to 10 cells stick together, and the occurrence of single cells is rare. One or two of the flagella were often subpolarly inserted. All 8 strains of A. radiobacter and 24 of the 28 strains of the variety "tumefaciens" tested converted lactose into 3-ketolactose.
In contrast, the cells of S. carboxydohydrogena DSM 1083 are monotrichous, 3-ketolactose negative, and nonpathogenic to Lycopersicon esculentum; therefore strain DSM 1083 must be excluded from the genus Agrobacterium.
On the basis of its distinctly monotrichous character, strain DSM 1083 cannot be assigned to the genus Alcaligenes. This conclusion is supported by the inability of DSM 1083 to grow with either m-hydroxybenzoate or pantothenate as a sole carbon source; among the hydrogen autotrophs, this is a feature of the pseudomonads, not of species of Alcaligens (5, 7). The genus Pseudomonas comprises gram-negative, singly occurring, straight or curved but not helical rods. The cells are predominantly monotrichous, sometimes with a tendency to subpolar insertion (7) . The metabolism is respiratory, never fermentative. Some are facultatively chemolithotrophic, able to use hydrogen or carbon monoxide as an energy source. Molecular oxygen is the universal electron acceptor; some can denitrify. The G+C content of the deoxyribonucleic acid ranges from 58 to 70 mol% (5).
The G+C content of strain DSM 1083 (58.2 mol%) is within the range of the pseudomonads. The nutritional requirements of strain DSM 1083 are simple and no growth factors are required. Starch, urea, exogenous poly-/3-hydroxybutyric acid, agar, and Tween 80 are not hydrolyzed, catalase and oxidase are produced, and the organism is able to use hydrogen as well as carbon monoxide as an energy source.
With respect to its physiological properties, strain DSM 1083 completely agrees with the description of Pseudomonas given in Bergey's Manual (7). The only ambiguous property pertains to morphology: the flagellum of DSM 1083 is in most cases subpolarly inserted. The assignment of this strain to Pseudomonas is a result of its exclusion from other gram-negative monoor multitrichous genera and its high degree of resemblance to pseudomonads with respect to basic metabolic features. It should be emphasized that it is often difficult to draw clear lines of distinction between polar, subpolar, and degenerately nonpolar flaggelation; both number and mode of insertion of the flagella may vary with individual cells in a given culture. These characteristics often change with the conditions of cultivation.
DSM 1083 is distinctly different from the other CO-utilizing pseudomonads with respect to the extent of star formation, the substrate utilization spectrum, the form and color of colonies, and the G+C content of the deoxyribonucleic acid (Seliberia carboxydohydrogena DSM 1083, 58.2; P. carboxydovorans, 60.7; P. carboxydoflava, 63.7; P. gazotropha, 66.9; Comamonas compransoris, 56.0; Archromo bacter carboxydus, 48. 6 [G+C values in moles percent]), as previously reported (28). The G+C contents of the DNAs of Seliberia carboxydohydrogena and Pseudomonas carboxydouorans are very similar. However, in contrast to P. carboxydovorans, DSM 1083 is able to grow on sugars like fructose and sucrose and has a pronounced tendency to grow in the form of stellate aggregations in liquid media under autotrophic conditions.
The formation of stellate aggregates, which is not typical for members of the genus Seliberia, has been reported for species and strains of other genera: Agro bacterium tumefaciens (24, 25), Agro bacterium radiobacter (24, 25), Agrobacterium stellatum (24, 25), Rhizobium lupini (9, 13), the coryneform hydrogen bacterium Xanthobacter autotrophicus strain 14g (23), the pseudomonads P. rhodos (12, 16) and P. echinoides (8, 12, 15, 17) , and an unidentified strain (14). On the basis of the arguments considered, it is proposed that strain DSM 1083 (Carboxydobacterium 2-1062) be transferred to the genus Pseudomonas; the name of this organism thus becomes Pseudomonas carboxydohydrogena (Sanjieva and Zavarzin) comb. nov.
